Introduction: Creatinine and urea are nonprotein nitrogenous compounds which are eliminated from the body. Creatinine is a word obtained from a Greek term "Kreas" meaning flesh. An anhydrous form of creatine is creatinine. Around 0.5% of total muscle weight constitutes creatine. Muscle, brain, blood, etc., are the tissues, in which creatinine is present as high-energy compound, phosphocreatine, and creatine as free compound. Optimal storage of serum specimens in biobanks for long time for multicenter reference interval studies remains to be determined. Hence, in this context, the present study was undertaken to determine the effect of storage time and temperature on the laboratory results of urea and creatinine in pooled serum samples.
biological variations. The preanalytical variation that interferes the laboratory tests' results include diet, physical exercise, collection of samples, and handling them. In any test, bias and imprecision are the two key characteristics. In any analytical characteristic, bias is primary. In this, the actual value and the reported results differ. Physiological and analytical factors both are responsible for lack of reproducibility or imprecision. [1] It has been a standard practice of separating the serum and plasma from the cells as quickly as possible after the completion of clot formation to avoid the time-dependent changes taking place during the release of cellular constituents and also to avoid the changes induced by the clot on the concentration of analytes present in the serum. [1, 2] Some of the extra-analytical factors which affect the process of analysis of the blood samples are still the source of interest such as:
• Storage of samples at high or low temperatures for a longer time • Improper sample handling (without frozen packs) • Various conditions during transportation of the samples.
Additive tubes used for the collection of blood samples are also the source of analytical errors. [3] The clinical laboratories face a very general problem for chemical analysis which is the integrity of uncentrifuged specimen samples. [4] Samples which have to be shipped from multicenter laboratories are often stored at central laboratory for later analysis. Analytes that may show variation may include the following reasons:
• Delayed shipping of frozen samples • Fluctuations in voltage and power cut problems of the freezers • Use of frost-free freezers that undergo number of defrosts cycles which may misplace some of the analytes. [5] During sample storage, the clinical laboratories face a general problem that is the stability of analytes. Hence, to minimize the influence of disturbing factors, analytical methods have been continuously optimized. An effective substitute for blood is the pooled human serum. Exchange of substances takes place between the erythrocytes and the serum due to prolonged contact of serum with the red cells, which can cause dilution or may even lead to an increase in concentration of analytes in the serum. [6] The present study was undertaken to determine the effect of storage time and temperature on the laboratory results of urea and creatinine in pooled serum samples.
Materials and Methods
The present study comprised ten pooled serum samples. Each pooled serum sample was prepared by mixing ten individual serum samples. All the serum samples were collected from the free laboratory of KLE Society's Dr. Prabhakar Kore Charitable Hospital and Medical Research Centre, Belagavi, Karnataka, India. All the serum samples were analyzed by semi-automated analyzer after every 24 h for 10 days stored at −20°C. Creatinine and urea were estimated by modified Jaffe's method and glutamate dehydrogenase-urease method, respectively, in semi-automated analyzer. The instruments used for semi-automated was Dimension ® Clinical Chemistry analyzer, Erba Chem 5 V2. Semi-automated analysis was done using commercially available Erba kit.
The data obtained were analyzed statistically by computing descriptive statistics, the mean, standard deviation (SD), and range.
Results
This study was conducted to know the effect of storage and temperature on two routinely measured biochemical analytes (creatinine and urea) in pooled serum samples stored at −20°C. This study comprised ten pooled serum samples (urea and creatinine were estimated from each of the pooled serum for 10 days).
The data obtained from the study were compiled, tabulated, and subjected to statistical analysis. The results were presented under the heading of the parameters considered for the study.
From Table 1 , the mean concentration of creatinine of ten pooled serum samples on day 1 and 2 was found to be 1.5 mg/dL. From day 3 to day 7, the values were found to slightly increase, i.e., it was between 1.7 and 1.8 mg/dL. On day 9 and 10 again, slight increase was seen in the values, i.e., it was between 1.6 and 1.7 mg/dL. The SD for 10 days was found to be between 0.2 ± 0.4, and range was from 0.9 to 2.4 mg/dL.
From Graph 1, the variation in creatinine levels was seen after 24 h; on day 1, mean of all ten samples was 1.45 mg/dL; on day 2, slight increase was seen up to 1.52 mg/dL; and on 3 rd day, it increased to 1.73 mg/dL; on day 4, it was 1.79 mg/dL; on day 5, it was stable, i.e., 1.79 mg/dL; on day 6, it slightly decreased to 1.68 mg/dL; on day 7, the level again increased slightly to 1.71 mg/dL; on 8 th day, gradual decrease up to 1.45 mg/dL was seen; on 9 th day again, the level raised to 1.63 mg/dL; and on day 10, the level was 1.67 mg/dL. Creatinine was stable up to 24 h. Variations were seen after 24 h [Graph 1].
From Table 2 , the mean concentration of creatinine in all the ten pooled serum samples was found to be between 1.4 and 1.9 mg/dL (above the normal range, i.e., 0.6-1.3 mg/dL). The SD of ten pooled serum samples was found to be between 0.2 ± 0.5, and range was from 0.9 to 2.4 mg/dL.
In Graph 2, the mean concentration of single sample for 10 days is plotted. From Graph 2, it is seen that the creatinine levels have increased in all ten serum samples and are above the normal range after the storage at −20°C for 10 days.
From Table 3 , the mean concentration of urea of ten pooled serum samples from day 1 to day 8 was found to be between 27 and 38 mg/dL. On day 9 and 10, slight increase was seen in the values, i.e., it was 42 mg/dL. The SD for 10 days was found to be between 8 ± 16, and range was from 1 to 67 mg/dL. From Graph 3, the urea levels were found to be unstable on the 3 rd day. On day 1, it was 37.4 mg/dL; on day 2, it was 38.3 mg/dL; on day 3, it was 33 mg/dL; on day 4, it slightly increased to 37.8 mg/dL; on day 5, it was 36.9 mg/dL; on day 6, it decreased to 27 mg/dL; day 7, it increased to 31.8 mg/dL; on day 8, it again came back to 27.1 mg/dL; on day 9, it gradually raised to 41.5 mg/dL; and on day 10, the urea level was found to be 42.3 mg/dL. Overall, it was seen that all ten sample were under normal range up to the 8 th day; on day 9 and 10, it showed slight high range. Urea values were From Table 4 , the mean concentration of urea in eight pooled serum samples was found to be between 21 and 40 mg/dL (within the normal range 20-40 mg/dL). Only two among the ten samples showed slight increase in their values, of which one was found to be 44 mg/dL and the other was found to be 52 mg/dL. The SD of ten pooled serum samples was found to be between 7 ± 12, and range was from 12 to 57 mg/dL.
In Graph 4, the mean concentration of urea of individual sample for 10 days is plotted. It shows that eight out of ten serum samples were found to be under normal levels while the other two samples were found to be increased above normal levels after storage at −20°C for 10 days.
Discussion
In this study, we examined the effect of storage and temperature on two biochemical analytes creatinine and urea in pooled serum samples stored at −20°C. Mean concentration of creatinine in all ten pooled serum samples was found to increase above the normal levels after storage for 10 days at −20°C. Urea concentration at −20°C was found to increase only in two samples, whereas the other eight samples were stable and showed results under normal range.
Heins et al. in their study found that some analytes in serum such as lactate dehydrogenase, bilirubin, and creatine kinase showed a decrease, and others such as creatinine, urea, potassium, and uric acid showed increase. This is due to the enzymatic cleavage of precursor molecules. Exchange of substances between serum and erythrocytes occurs due to prolonged contact between them, which causes dilution or may even lead to increase the concentration of an analyte in the serum. [6] Clark et al. conducted a study to check the stability on plasma analytes which were stored at 80°C, 21°C (RT), and 4°C. Creatinine was found to increase by more than 20% after 3 days in the whole blood samples stored a 21°C. The samples stored under chilled conditions at 4°C were seen to be more stable and changed by <4% after 7 days. The P value was found to be <0.0001 (21°C vs. 4°C). [7] Oddoze et al. in their study investigated the effects of temperature, time, type of tube, and the delay before centrifugation on the concentration of 81 analytes, in which they found that most of the analytes they tested remained stable up to 24 h before centrifugation at all storage conditions. Some analytes were found to affect significantly due to:
• Prolonged contact of serum and plasma with cells and leakage of intracellular constituents • Glycolysis in cells • Degradation of peptides and proteins by blood enzymes • Some changes were temperature dependent. [8] Cuhadar et al. in their study on effect of storage, time, and freeze-thaw cycle have stated that fast freezing with slow thawing causes severe damage in protein whereas slow freezing and fast thawing process prevents the denaturation of protein in aqueous solution. [3] Hanok and Kuo in their study on reconstituted serum for the assay of 15 chemical constituents mentioned that some apparent increase in the level may be due to the turbidity caused by bacterial growth. [9] 
Conclusion
From this study, we conclude that the levels of creatinine were affected due to storage at −20°C for 10 days. However, urea retained its stability when stored at −20°C for 10 days. Thus, to ensure valid results, the samples should be analyzed within 24 h of collection.
